Globally distributed, the bottlenose dolphin (Tursiops truncatus) is found in a range of offshore and coastal habitats. Using 15 microsatellite loci and mtDNA control region sequences, we investigated patterns of genetic differentiation among putative populations along the eastern US shoreline (the Indian River Lagoon, Florida, and Charleston Harbor, South Carolina) (microsatellite analyses: n = 125, mtDNA analyses: n = 132). We further utilized the mtDNA to compare these populations with those from the Northwest Atlantic, Gulf of Mexico, and Caribbean. Results showed strong differentiation among inshore, alongshore, and offshore habitats (Ф ST = 0.744). In addition, Bayesian clustering analyses revealed the presence of 2 genetic clusters (populations) within the 250 km Indian River Lagoon. Habitat heterogeneity is likely an important force diversifying bottlenose dolphin populations through its influence on social behavior and foraging strategy. We propose that the spatial pattern of genetic variation within the lagoon reflects both its steep longitudinal transition of climate and also its historical discontinuity and recent connection as part of Intracoastal Waterway development. These findings have important management implications as they emphasize the role of habitat and the consequence of its modification in shaping bottlenose dolphin population structure and highlight the possibility of multiple management units existing in discrete inshore habitats along the entire eastern US shoreline.
Determining population structure in highly mobile organisms is important for facilitating effective conservation management and advances our understanding of the mechanisms that drive the evolution of population genetic structure (Hoelzel 1998) . Here, we focus on a marine species with a global geographic distribution, the common bottlenose dolphin (Tursiops truncatus) . Despite this species' ability for long-range dispersal (Wells et al. 1990; Wursig and Harris 1990; Defran et al. 1999; Wells et al. 1999) , populations often show measurable morphological and genetic differentiation, possibly due to complex social behavior and/or habitat specialization. Dolphin habitat is often described as either "coastal" or "offshore," and numerous studies have detected morphological and genetic differentiation between coastal and offshore habitats for T. truncatus (Hoelzel, Potter, et al. 1998; Natoli et al. 2005; Sellas et al. 2005; Segura et al. 2006) . Furthermore, genetic differentiation has been detected among multiple coastal populations occupying discrete habitat zones for bottlenose dolphins in general (Natoli et al. 2005; Möller et al. 2007; Rosel et al. 2009; Mirimin et al. 2011) . Coastal habitat can be further subdivided into inshore and alongshore. Here, we define inshore habitat as bays, lagoons, sounds, tidal marshes, or estuarine waters (Leatherwood and Reeves 1983; Sellas et al. 2005 ) and refer to the remaining coastal habitat as alongshore. Despite the ubiquity of inshore habitat, little work has been done to investigate genetic population structure among T. truncatus populations occupying this type of habitat. A rare study of this kind was that of Sellas et al. (2005) who found these populations to be highly differentiated. Inshore habitat also has great potential for environmental heterogeneity within the bay or estuary, which increases the potential for fine-scale population subdivision, and studies of Indo-Pacific bottlenose dolphin populations (Tursiops aduncus) within Australian embayments have confirmed these expectations Wiszniewski et al. 2010; ).
The purpose of our study was to test hypotheses regarding patterns of genetic population structure for this species in the context of habitat variation over a fine geographic scale. To this end, we investigated 2 inshore habitats along the eastern US coastline and compared these 2 regions with proximate alongshore and offshore populations in the Northwest Atlantic, Gulf of Mexico, and Caribbean. The 2 inshore dolphin sample sets studied were from the Indian River Lagoon, Florida (IRL), and Charleston Harbor, South Carolina and its adjacent estuarine area (CHS) (Figures 1  and 2 ). The US National Marine Fisheries Service now lists dolphins in these regions as distinct management stocks: the Indian River Lagoon Estuarine System Stock and the Charleston Estuarine System Stock (Waring et al. 2010) . The management of cetaceans is a difficult problem as populations often show complex patterns of sympatry, parapatry, and mixed assembly (Hoelzel 1998) . Consequently, genetic population data are valuable for reliable stock identification and effective management of bottlenose dolphins (Hoelzel 1998; Waring et al. 2002) , and the data provided here will be directly applicable to US National Marine Fisheries Service management of the Indian River Lagoon Estuarine System Stock and Charleston Estuarine System Stock (Hoelzel 1998; Waring et al. 2002) . The habitats studied have contrasting biogeographic features. For example, the Indian River Lagoon on Florida's east coast experiences a dynamic range of hydrologic and climatic conditions that has created a highly heterogeneous environment possessing resident fauna adapted to both temperate and tropical conditions (White 1970; Steward and VanArman 1987; Gilmore 1995; McRae et al. 1998 ). The lagoon is a shallow estuary encompassing approximately 3600 km 2 that stretches 250 km from the Jupiter Inlet in the south to the Ponce de Leon Inlet in the north (Steward et al. 1994) and is considered one of the most biodiverse estuaries in North America (Gilmore 1995) . Furthermore, in addition to the Indian River, which runs the length of the estuary, the Indian River Lagoon system also includes smaller, less accessible areas, such as the Mosquito Lagoon, Banana River, St. Lucie River, and several tributaries (Figure 1 ). The lagoon has only 6 inlets from the Atlantic Ocean, which could serve as potential factors shaping population substructure. In contrast, Charleston Harbor and its adjacent estuarine area (including the Ashley, Cooper, and Wando Rivers, and Stono River Estuary), which is about 426 km from the most northern Indian River Lagoon inlet, is considerably smaller, possesses temperate estuaries, and is more accessible to open ocean. Here, we test the hypothesis that these differences in habitat will be reflected in differences in the structure of local populations and that the inshore populations will be differentiated from each other and from alongshore and offshore populations (as seen in earlier, similar studies in the Gulf of Mexico and Australia).
Materials and Methods

Sample Collection and DNA Extraction
Dolphin skin samples were collected using capture-release over a 5-year period (1999) (2000) (2001) (2002) (2003) (2004) 
Figure 2
Map showing geographic location of mitochondrial control region sequences used in the statistical parsimony analysis and the resulting network. Northwest Atlantic offshore haplotypes and haplotypes described as "worldwide form" (Caballero et al. 2012) were not included in the analysis. Sample sizes are shown top left (also see Table 1 ). In the network, circles represent different haplotypes, color indicates geographic sampling location, and size represents frequency of occurrence. Lines connecting haplotypes represent mutational steps and small black circles represent hypothetical haplotypes that were not sampled. Dashed lines show haplotype connections considered less likely following criteria based on coalescent theory (Crandall and Templeton 1993) . The 5 haplotypes discovered as part of this study are indicated as follows: H1-H5. A single individual sampled in the Bahamas possessing haplotype H4 is indicated.
subregions of the lagoon system that included the Banana River, Mosquito Lagoon, Indian River, and St. Lucie River (Figure 1 ). Charleston Harbor samples included individuals from the Wando River, and the adjacent Stono River Estuary. Tissue samples were stored in NaCl-saturated 20% dimethyl sulfoxide (DMSO) (Amos and Hoelzel 1990 ) at 4 °C. For the microsatellite analyses, 125 samples were collected (CHS = 36 and IRL = 89) (see Figure 1 for the distribution of samples within the IRL). The CHS samples included 3 from the Wando River and 10 from the Stono River Estuary. Genomic DNA was isolated from skin using Qiagen DNeasy Tissue Kits (Qiagen, Inc., Valencia, CA) following manufacturer's instructions for animal tissue. Extracted DNA quality was evaluated by electrophoresis on 0.7% agarose gels and quantified by spectrophotometer, ND1000 (ThermoScientific, Waltham, MA).
For the mitochondrial analyses, 82 samples were collected by capture-release (CHS = 35 and IRL = 47). To these samples, we added 11 acquired via biopsy dart and 39 opportunistic samples from dolphin strandings either from within the Indian River Lagoon proper or from the Atlantic Ocean side of the lagoon (n = 3). IRL samples were collected from the same 5 subregions described above. Charleston Harbor samples again included individuals from the Wando River (n = 7), and the adjacent Stono River Estuary (n = 15). The additional tissue samples were stored in NaCl-saturated 20% DMSO (Amos and Hoelzel 1990 ) at 4 °C. Total genomic DNA was extracted using a standard proteinase K digestion for 4 h at 45 °C, followed by 3 phenol/chloroform extractions (Sambrook and Russell 2001) . The DNA was then resuspended in Tris-ethylenediaminetetraacetic acid buffer and stored at −20 °C. Overlap between the 2 data sets was 49 individuals for the microsatellite data and 10 individuals for the mitochondrial data. Sex of individuals was determined in the field for capture-release individuals and strandings. Dart biopsy samples were sexed using the polymerase chain reaction (PCR) test of Rosel (2003) .
Microsatellite DNA Genotyping and Analysis
Using 18 microsatellite loci, 125 individuals (CHS = 36 and IRL = 89) were genotyped. We employed 14 Tursiops-specific loci: MK5, MK6, MK8, MK9 (Krützen et al. 2001 ), Ttr04, Ttr11, Ttr19, Ttr34, Ttr48, Ttr58, Ttr63, TtrFF6 , TexVet5, and TexVet7 (Rooney et al. 1999) , and 4 additional loci from other cetacean species: EV14, EV94 (Valsecchi and Amos 1996) , KWM12a (Hoelzel, Dahlheim, et al. 1998) , and PPHO130 (Rosel et al. 1999) . Reaction conditions and methods followed that of Rosel et al. (2009) and consisted of 25-50 µg of sample DNA in 25 µL reaction volumes. All reactions included both positive and negative controls. Samples were genotyped on an Applied Biosystems 3130 xl Genetic Analyzer using the internal size standard GS-Liz 500 and GENEMAPPER v3.7 (Applied Biosystems, Foster City, CA). GENEPOP v4.1 (Rousset 2008 ) was used to calculate Weir and Cockerham F-statistics (Weir and Cockerham 1984) and perform exact tests for significant population differentiation, Hardy-Weinberg equilibrium, and linkage disequilibrium between all locus pairs. The false discovery rate (FDR) procedure of Benjamini and Hochberg (1995) was used to correct for multiple hypothesis testing (FDR = 0.05). Observed and expected frequencies of heterozygotes were calculated using GENETIX v4.03 (Belkhir et al. 1996 (Belkhir et al. -2004 . Each locus was checked for null alleles, scoring errors, and large allele dropout using MICRO-CHECKER v2.2.3 (Van Oosterhout et al. 2004) . The discriminatory power of the microsatellite data was assessed by calculating the probability of identity (PI) for the combined set of loci using GENALEX v6.5 (Peakall and Smouse 2012) . PI is an estimate of the average probability that 2 unrelated individuals drawn from the same randomly mating population will have the same multilocus genotype by chance. To exclude the possibility that population structure analyses were influenced by the presence of related individuals (i.e., the family affect), we determined whether individuals were more closely related than expected in a randomly mating population as follows: 1) average pairwise relatedness among CHS and IRL individuals was calculated using the Queller and Goodnight (1989) relatedness index (r) and 2) the null hypothesis of no relatedness was tested by comparing this average to that of a null distribution created using IDENTIX v1.1 (Belkhir et al. 2002) (1000 permutations).
The number of genetic clusters (K) was estimated by performing a Bayesian evaluation of genetic partitioning, as implemented in the program STRUCTURE v2.2.3 (Pritchard et al. 2000) and then calculating the ad hoc statistic ΔK (Evanno et al. 2005) . ΔK was calculated for K = 1-5 by averaging 20 Markov chains for each value of K. Length of each chain was 50 000 steps following an initial burn in of 50 000 steps. The admixture ancestry and correlated allele frequency models were used. ΔK is a measure of the second-order rate of change of the probability of the data Pr(X|K) for each value of K. The highest value for ΔK identifies the optimum value of K, and the method has been shown to perform well when differentiation among populations is modest (F ST ≥ 0.03) (Latch et al. 2006) . However, when hierarchal levels of population structure exist, this method usually detects the uppermost level of partitioning (Evanno et al. 2005) . To estimate the number of clusters at the next level of structure (i.e., population substructuring), we repeated the analysis on each of the separate genetic clusters identified in the previous run, as suggested by Pritchard (2007) . Final individual membership coefficients (Q) were obtained using a run of 5 000 000 steps with a 20% burn in at the optimum overall value of K. Individuals with Q ≥ 0.75 were considered a member of a cluster.
Estimates of migration rates within the IRL were calculated using the program MIGRATE version 3.51 (Beerli 2006) . Using the Bayesian framework, we estimated parameters Θ and m/μ using a chain of 6 000 000 steps with a burn in of 2 000 000 steps. Boundaries for uniform prior distributions were established empirically via shorter preliminary runs. The microsatellite stepwise mutation model was employed.
Spatial genetic structure (SGS) within the IRL was assessed by comparing genetic similarity to spatial distance using GENALEX. Spatial distance was calculated using individual sampling coordinates. Multilocus genetic distances as described by Smouse and Peakall (1999) were plotted against geographic distances between pairs of individuals using the spatial autocorrelation method of Smouse and Peakall (1999) . SGS was calculated at 10 km distance intervals (distance classes) up to 200 km. Significance of the spatial autocorrelation coefficient (r) was tested by constructing a 2-tailed 95% confidence interval (95% CI) around the null hypothesis of no SGS (i.e., r = 0) by performing 999 random permutations of genotypes among geographic locations. The FDR procedure of Benjamini and Hochberg (1995) was used to correct for multiple hypothesis testing (FDR = 0.05).
We tested for sex-biased dispersal within the IRL, CHS, and both regions combined using the assignment method of Favre et al. (1997) and Mossman and Waser (1999) as implemented in GENALEX. The method calculates the log-likelihood of an individual's assignment to its population (in this case, male or female). Log-likelihoods are corrected using an assignment index correction (AIc) as follows: individual log-likelihood minus mean log-likelihood of the population. Negative values of AIc indicate individuals with a high probability of being immigrants. Sex-biased dispersal is inferred if there is significant difference in the frequency distribution of AIc values for males versus females.
Mitochondrial DNA Sequencing and Analysis
Using established PCR primers (Rosel et al. 1995) , we obtained 296 bp of DNA sequence data from the 5′ end of the mtDNA control region for 132 individuals (CHS = 35 and IRL = 97). PCR amplification conditions were as follows: 10-100 ng of genomic DNA, 2 mM deoxyribonucleotide triphosphates, 10× PCR buffer (1.5 mM MgCl 2 ), 25 pmol of each primer, and 0.5 U Taq DNA polymerase. The amplification reactions followed the profile: 1 cycle at 94 °C for 1 min, followed by 30 cycles of 94 °C for 40 s, 53 °C for 1 min, 72 °C for 1 min, and ending with 1 cycle at 72 °C for 30 min. PCR products were purified with Qiaquick PCR purification columns (Qiagen) for DNA sequencing. Both forward and reverse strands were sequenced using the BigDye Terminator Cycle Sequencing Kit (Applied Biosystems). Products were separated and bases called by the Interdisciplinary Center for Biotechnology Research at the University of Florida. Haplotype sequences are available from GenBank (accession numbers: KF366717-KF366721).
Mitochondrial control region sequences (n = 279) from 11 additional geographic regions were obtained from GenBank and/or previous publications (Table 1) . Including the Charleston Harbor area and the Indian River Lagoon, these sampling sites represented a range of temperate and tropical offshore, alongshore, and inshore habitats.
Individual sequences were cropped to the same length (258 bp) and aligned using MAFFT v6.814b (Katoh et al. 2002) as implemented in GENEIOUS PRO v5.5.3 (Drummond et al. 2010 ). Genetic population structure among the following 8 geographic regions was examined by an analysis of molecular variance and exact tests of haplotype frequency differentiation as implemented in ARLEQUIN v3.11 (Excoffier et al. 2005) : CHS, IRL, Northwest Atlantic offshore (NWAo), Northwest Atlantic alongshore (NWAa), and coastal animals from the Gulf of Mexico (United States of America), the Gulf of Mexico (Mexico), Bahamas, and Cuba (see Table 1 for sample sizes). Significance of Ф statistics was determined by permuting haplotypes among populations 10 000 times (Excoffier et al. 2005 ). Molecular diversity indices were calculated using ARLEQUIN. Evolutionary relationships among inshore/alongshore haplotypes (n = 31) (see Table 1 for individuals included) were inferred by constructing an unrooted statistical parsimony network using the method of Templeton et al. (1992) as implemented in the software package TCS v1.13 (Clement et al. 2000) . Alignment gaps (indels) were treated as a fifth state. Evolutionary relationships among inshore/ alongshore (n = 31) and offshore/worldwide form haplotypes (n = 25) were inferred by maximum likelihood phylogenetic analysis (see Supplementary Table S1 for accession numbers). PhyML v3.0 (Guindon et al. 2010 ) was used to generate 500 bootstrap replicates using the HKY+I+G substitution model, which was determined as the best fit for the data using MODELTEST v3.7 (Posada and Crandall 1998) . A bootstrap consensus tree was constructed using the Triple Construction Method as implemented in the program TRIPLEC (Ewing et al. 2008 ). This procedure is based on the observation that the most probable 3-taxon gene tree consistently matches the species tree (Degnan and Rosenberg 2006) . The method searches all input trees for the most frequent of the 3 possible rooted triples for each set of 3 taxa. Once found, the set of rooted triples are joined to form the consensus tree using the quartet puzzling heuristic (Strimmer and von Haeseler 1996) . The procedure has been shown to be a statistically consistent estimator of the species tree topology and to out perform majority rule and greedy consensus methods (Degnan et al. 2009 ).
In fulfillment of data archiving guidelines (Baker 2013), we have deposited the primary data underlying these analyses with Dryad (http://datadryad.org).
Results
Microsatellite Characterization
None of the 18 microsatellite loci showed significant deviation from Hardy-Weinberg equilibrium (Table 2) . However, 8 loci showed significant linkage disequilibrium (FF6, MK8, EV14, TTR11, MK6, PPHO130, TXVT7, and TTR58) (10 pairwise comparisons). Multiple population events could be responsible for this disequilibrium, for example, admixture between populations with different allele frequencies (Smith et al. 2001) , inbreeding (Chakraborty and Weiss 1988) , the founding of populations by a small number of individuals followed by rapid population growth (Sheffield et al. 1998; Shifman and Darvasi 2001) , and a relatively small and stable population size (Hill and Robertson 1968) . None of the loci showed evidence for large allele drop out. However, 3 loci showed evidence for the presence of null alleles (EV94, MK9, and TTR11). We excluded these 3 loci from all subsequent analyses. Rosel et al. (2009) also detected null alleles for EV94. Average pairwise relatedness among CHS and IRL individuals using the remaining 15 loci was −0.0301 and −0.0105, respectively, and neither population contained individuals more related than expected in a randomly mating population (CHS: P = 0.059; IRL: P = 0.258). PI was 2.8E-12, indicating a very low probability that 2 unrelated individuals would share the same multilocus genotype by chance.
Microsatellite Population Structure and Migration Rates
The Charleston Harbor and Indian River Lagoon populations were highly differentiated (F ST = 0.131, P < 0.0001), and the STRUCTURE analysis reflected this differentiation with a ΔK of 2 (Supplementary Figure S1a) . Analysis of substructuring for IRL produced a ΔK of 2 (Supplementary Figure S1b) . The same analysis for CHS was not conclusive. ΔK could not be used due to a drastic drop in the mean log probability score [Pr(X|K)] for K = 2 relative to K = 1 (Supplementary Figure S1c) . The score for K = 3 was also lower than the score for K = 1. The score for K = 4 was slightly higher than for K = 1 and the score for K = 5 slightly higher still. We performed additional STRUCTURE runs to determine if the scores continued to rise for K = 6-8. Results showed the scores to decline steadily, with all scores lower than that for K = 1. Consequently, the highest score was for K = 5 followed by K = 4 and then K = 1. Without additional samples to further explore these results, we suggest K = 1 as the most biologically realistic result. (Tajima 1989) , and θ π (Tajima 1983) . The Northwest Atlantic alongshore samples (NWAa) ranged from Georgia to New Jersey and the offshore samples (NWAo) were collected 160-480 km offshore this same stretch of coastline (Hoelzel, Potter, et al. 1998) . TCS = samples included in statistical parsimony analysis (colors corresponding to those used to indicate geographic sampling region in Figure 2 are shown in parentheses). 1 = this study, 2 = Hoelzel, Potter, et al. (1998) (2012) for description of inshore ecotype and worldwide form. Note: according to our delineation of environments, the sampling location for individuals described as "inshore ecotype" by Caballero et al. (2012) is regarded here as coastal as it is unclear if any of these animals were located in an inshore environment as we define it.
For the IRL, the proportion of individuals assigned to the 2 clusters and those with mixed ancestry (Q < 0.75) was not evenly distributed in each of the 5 sampling regions (Figure 1) . Individuals assigned to cluster 1 were restricted to the 3 northern regions (1-3), whereas individuals assigned to cluster 2 occurred in all sampling regions. Individuals with mixed ancestry occurred in all regions except the most northern (region 1). Based on these findings, we investigated differentiation between northern and southern regions. We explored 2 groupings: (I) regions 1 and 2 versus regions 3-5 and (II) regions 1-3 versus regions 4 and 5. There was significant differentiation between both groupings; however, the first grouping showed the highest level of differentiation (I: F ST = 0.0241, P < 0.0001; II: F ST = 0.0120, P < 0.0001). Using the grouping that showed the highest differentiation (I), we additionally explored differentiation between IRL regions and CHS as follows: (i) regions 1 and 2 versus CHS and (ii) regions 3-5 versus CHS. The second comparison showed the highest differentiation (i: F ST = 0.3687, P < 0.0001; ii: F ST = 0.4102, P < 0.0001). The migration rates between regions 1 and 2 versus regions 3-5 showed a strong bias. The number of migrants per generation from regions 1 and 2 into regions 3-5 was 7.8 (95% CI = 2.1-18.4), whereas the number of migrants per generation from regions 3-5 into regions 1 and 2 was 27.9 (95% CI = 14.6-47.0).
SGS and Sex-Biased Dispersal
The SGS analysis detected significant genetic structure at the extremes of the distance classes (0-10, 20-30, and 190-200 km) (Figure 3) . We detected no signal of sex-biased dispersal within the IRL, CHS, or both regions combined. IRL: mean male AIc = −0.190 ± 0.392 (standard error, SE), mean female AIc = 0.338 ± 0.281 (SE), and no significant difference in the male and female AIc distributions (Z = 0.166, P = 0.868). CHS: mean male AIc = 0.029 ± 0.466 (SE), mean female AIc = −0.033 ± 0.362 (SE), and AIc distributions (Z = −0.283, P = 0.777). Both regions combined: mean male AIc = 0.051 ± 0381 (SE), mean female AIc = −0.079 ± 0492 (SE), and AIc distributions (Z = −0.172, P = 0.863).
Mitochondrial Population Differentiation and Diversity
For the samples collected in CHS and the IRL, we detected 5 haplotypes (H1-H5) (Figure 2 ), with only 2 occurring within the IRL (H2 and H4). H4 was considerably more frequent within the IRL than H2 (H4 = 96 and H2 = 1). For CHS, haplotype frequencies were as follows: H1 = 1, H2 = 20, H3 = 5, H4 = 7, and H5 = 2. Due to the low number of haplotypes within the IRL, it was not possible to examine population structure among the 5 regions within the lagoon. However, examination of population structure over a wider geographic scale (eastern USA, Gulf of Mexico, and Caribbean) revealed a high level of overall genetic partitioning among the 8 regions (Ф ST = 0.744, P < 0.0001), with all pairwise comparisons significant after FDR correction (Ф ST and exact tests).
With 3 exceptions, all pairwise comparisons showed high differentiation (Table 3) . The 3 exceptions were the comparisons of CHS and IRL to the Northwest Atlantic alongshore population (CHS vs. NWAa: Ф ST = 0.231, IRL vs. NWAa: Ф ST = 0.160), and in particular, Gulf of Mexico (Mexico) to Cuba (Ф ST = 0.052). Genetic diversity indices showed that nucleotide diversity and theta were highest for the Northwest Atlantic offshore population, followed by the 5 alongshore/ coastal populations, and finally, the inshore populations (CHS and IRL) showed the lowest values (Table 1) .
Evolutionary Relationships
The statistical parsimony analysis clustered CHS, IRL, and Northwest Atlantic alongshore haplotypes into a distinct group separate from haplotypes from the remaining 6 geographic regions (5 steps separated them) (Figure 2) . A single haplotype sampled in Cuba was connected to the CHS/ IRL/NWAa grouping by 3 steps, and a single individual sampled in the Bahamas shared the most frequent haplotype (H4) within the CHS/IRL/NWAa grouping. The first group of haplotypes connected to the CHS/IRL/NWAa grouping was dominated by Bahamas haplotypes. The maximum likelihood phylogeny was concordant with the statistical parsimony analysis as it clustered CHS, IRL, and NWAa haplotypes into a single strongly supported group that was separate from Caribbean and Gulf of Mexico inshore haplotypes (Figure 4 ). These latter haplotypes were also clustered into a single strongly supported group. All offshore/worldwide form haplotype groupings were basal to the inshore/ alongshore group (also strongly supported). The CHS/ IRL/NWAa grouping again contained the single haplotype from Cuba.
Discussion
Patterns of Population Structure within Inshore Habitat
Both the mitochondrial and microsatellite data showed the 2 inshore populations of CHS and IRL to be highly differentiated, and the microsatellite data revealed the presence of 2 distinct populations (genetic clusters) within the IRL. Individuals assigned to cluster 1 were restricted to the northern most sampling regions (1-3), occurring predominately in regions 1 and 2 (87%), whereas individuals assigned to cluster 2 were seen throughout the IRL. Maximum differentiation was attained when regions 1 and 2 were grouped separately from the rest of the IRL, confirming the distinctiveness of the Mosquito Lagoon. These findings are concordant with the photoidentification study of Mazzoil et al. (2008) , suggesting a distinct community within the Mosquito Lagoon. However, although their study also suggested the presence of 2 additional communities in the remainder of the IRL, we only find evidence for 1 additional population (cluster 2). The Mosquito Lagoon and the remainder of the IRL (the Indian and Banana rivers) are connected by the Haulover canal, which traverses a narrow strip of land approximately 0.75 km wide that separates the 2 bodies of water. The canal was constructed circa 1887 (Florida Department of State: Division of Historical Recourses). For approximately 35 years prior to this, a smaller canal had existed a mile to the south. Consequently, the Mosquito Lagoon and Indian/ Banana Rivers have only been connected for approximately 160 years. Prior to this, and the construction of the Canaveral Barge Canal (1965) and Sebastian Inlet (1924) , the only connection between the lagoon and rivers would have been via 4 natural inlets and the ocean. Specifically, the Ponce deLeon Inlet in the north of the Mosquito Lagoon (northern most extremity of the IRL) and the Fort Pierce, St. Lucie, and Jupiter inlets in the south of the IRL (Figure 1 ). Therefore, it is possible that the Mosquito Lagoon and Indian/Banana Rivers were colonized independently prior to construction of the canal, with cluster 1 representing the Mosquito Lagoon population and cluster 2 the Indian/Banana River population. The SGS analysis provided good support for this hypothesis, as the Haulover canal is approximately 187 km from the southern most sampling location and the analysis showed the IRL to be genetically structured at the distance class of 190-200 km.
Numerous studies have shown high population differentiation between alongshore and offshore habitat (Hoelzel, Potter, et al. 1998; Natoli et al. 2005; Sellas et al. 2005; Segura et al. 2006) , and environmental factors such as temperature, salinity, and productivity may differentiate bottlenose dolphin populations (Natoli et al. 2005) . Consequently, the environmental transition between inshore and alongshore habitat may be contributing to differentiation among inshore populations. A likely example of this process was reported for 3 inshore populations along the west coast of Florida that were strongly differentiated and separated by approximately 130 km (a distance approximately half the length of the IRL) (Sellas et al. 2005) . These findings and other recent studies showing fine-scale differentiation for bottlenose dolphins (Wiszniewski et al. 2010; Mirimin et al. 2011; suggest that once the Mosquito Lagoon and Indian/Banana Rivers were colonized, there would have been limited genetic exchange between the 2 regions via the ocean. Subsequent to construction of the Haulover canal, resident populations in the Mosquito Lagoon and Indian/ Banana Rivers would have had direct access to each other and the presence of individuals with mixed ancestry within the IRL possibly reflects subsequent genetic exchange. Alternative hypotheses, where either the Mosquito Lagoon or Indian/Banana Rivers lacked resident dolphin populations prior to the construction of the canal, are perhaps less likely given the availability of such suitable habitat.
For bottlenose dolphins, habitat heterogeneity has been shown to be an important factor affecting the development of distinct habitat utilization skills (foraging strategies) (Chilvers and Corkeron 2001; Sargeant et al. 2007; Wiszniewski et al. 2009; Olin et al. 2012) . The IRL crosses a zone of climatic transition along the eastern Florida coast, with the boundary typically described as occurring at Cape Canaveral (Briggs 1974; Briggs and Bowen 2012) . This location is also identified as a phylogeographic boundary for numerous coastal species (Bowen and Avise 1990; Avise 1992) . However, the work of Gilmore (1995) showed that the biogeographic boundary within the IRL existed slightly further south approximately midway along its length at 28°00′N (Figure 1 ). This climatic transition has created distinct environments in the north and south of the lagoon. For example, tropical conditions in the south allow permanent residence of many tropical fish species and mangroves to dominate the wetlands, whereas wetlands in the north are dominated by extensive meadows of temperate marsh grasses (Gilmore 1995) . Also, moving north through the lagoon, there is a general trend of decreasing diversity for many seagrass associated species (Virnstein 1995) . Therefore, a possible explanation for the restricted distribution of cluster 1 individuals and not cluster 2 could be due to reduced or more specialized habitat utilization skills of cluster 1 individuals when compared with cluster 2 individuals. Specifically, the cluster 2 population has likely developed habitat utilization skills suited to both northern and southern environments, whereas the cluster 1 population only has skills suited to the northern environment (as a consequence of being restricted to the very north of the IRL until relatively recently). The finding of considerably more migration from regions 3-5 into regions 1 and 2 than in the opposite direction, coupled with the strong site fidelity for Mosquito Lagoon individuals detected by Mazzoil et al. (2008) despite the availability of habitat in the south lends support to this hypothesis, and studies of inshore bottlenose dolphins within embayments in Australia have provided evidence for fine-scale population structure resulting from utilization of different habitats (Wiszniewski et al. 2010; . Communities with different habitat utilization skills may become reproductively isolated if each group continues to invest in learned strategies and associate with social groups using the same strategies, as suggested for killer whale populations (Hoelzel et al. 2007 ). However, the presence of mixed ancestry individuals within the IRL indicates some level of genetic exchange between cluster 1 and 2 populations, and the distribution of these individuals throughout most of the IRL suggests that they are generalists. One interpretation of this observation is that the descendants of cluster 1 population and cluster 2 population genetic exchange are more likely to be retained in generalist communities. Alternatively, it might reflect the gradual erosion of partitioning between these populations subsequent to their recent connection. A similar pattern has been observed for bottlenose dolphins in Moreton Bay, Australia. Twenty years ago, 2 communities appeared partitioned due to different foraging strategies (one of the communities fed on commercial trawling vessel bycatch). However, trawling activity since then has been dramatically reduced and this community structure now appears to be breaking down (Ansmann, Parra, Chilvers, et al. 2012 ).
An interesting finding from the SGS analysis was the presence of genetic structure over very short geographic distances (distance classes of 0-10 and 20-30 km). This finding might be explained by any one or combination of the following factors: 1) close associations among related females , 2) male alliances among related individuals (Krützen et al. 2003; Parsons et al. 2003) , 3) community subdivision into temporarily dynamic social groups (Wiszniewski et al. 2009 ), and 4) geographically restricted and/or unique foraging bases (Olin et al. 2012 ).
Sex-Biased Dispersal
Previous studies of sex-biased dispersal for bottlenose dolphins have shown differing results. For example, several studies of inshore populations have shown male-biased dispersal (Krützen, Barré, et al. 2004; Bilgmann et al. 2007; Wiszniewski et al. 2010) , whereas studies within more homogeneous environments have found no evidence for sex-biased dispersal (Natoli et al. 2005; Parsons et al. 2006; Bilgmann et al. 2007; Rosel et al. 2009 ). However, concordant with our findings, found no evidence for sex-biased dispersal within an inshore environment. One hypothesis for increased female philopatry is that it may be advantageous for rearing offspring and defense from predators (sharks) . Due to low salinities, the only year-round resident shark species within the IRL is the euryhaline bull shark (Carcharhinus leucas) and size distribution of individuals suggests that adults spend most of their time outside the lagoon (Snelson and Williams (Caballero et al. 2012) . Solid black circles show haplotypes described as "inshore ecotype" (Caballero et al. 2012) . Haplotypes generated as part of this study are shown (H1-H5). Haplotype sampling regions for the IRL and CHS, NW Atlantic alongshore grouping are indicated as follows: C = CHS, I = IRL, N = NW Atlantic alongshore, B = Bahamas, and U = Cuba. Numbers over branches show bootstrap support. 1981). Although these observations suggest that there may be a reduced threat from sharks within the IRL, a study comparing the prevalence of shark bites/individual between IRL and CHS dolphins (Fair PA, unpublished data) showed no significant difference (IRL = 28.9%, CHS = 31.0%), with these frequencies similar to those of other studies (Corkeron et al. 1987; Urian et al. 1998) , suggesting a similar risk of shark predation. Lastly, despite our findings here of no sexbiased dispersal, additional samples may be required before it can be confidently rejected.
Evolutionary Perspective
Concordant with previous studies, the mtDNA showed an overall pattern of strong genetic differentiation (all comparisons were significant). Nevertheless, the statistical parsimony network showed the Northwest Atlantic alongshore, CHS, and IRL haplotypes to be closely related, and the levels of mitochondrial differentiation among these regions were relatively low, suggesting elevated levels of genetic exchange. For CHS, long-term sighting studies indicate migration of individuals in and out of the area and therefore the potential for genetic exchange. For example, the photoidentification study of Zolman (2002) suggested that a small number of individuals might seasonally migrate in and out of the area, and the more recent mark-recapture study of Speakman et al. (2010) identified 3 distinct groups: year-round residents, seasonal residents, and transients. In addition, the photoidentification study of Laska et al. (2011) documented frequent mixing of individuals between an estuarine and coastal community. The only comparison to show less differentiation than these 3 regions was the comparison between Cuba and the Gulf of Mexico (Mexico), suggesting elevated levels of genetic exchange across the Yucatán Channel. The highest level of differentiation, on the other hand, was between the IRL and all regions in the Gulf of Mexico and Caribbean, this despite the relatively short geographic distance from the IRL to most of these regions. Similar to the previous work of Rosel et al. (2009) , the overall pattern of differentiation we detected combined with the statistical parsimony and phylogenetic analyses showed dolphins along the eastern US coastline to be strongly partitioned from the Gulf of Mexico and Caribbean. Differentiation between populations in the Gulf of Mexico and the NW Atlantic has been observed for numerous taxa (Avise 2000; Soltis et al. 2006) , with the phylogeographic break typically located along the east coast of Florida. Our results suggest that the break for T. truncatus extends at least as far south as the IRL. Additional samples from the southern tip of Florida including the Florida Keys would be informative in determining the precise location of the break.
Overall, eastern US bottlenose dolphins show a hierarchal pattern of population structure, with the strongest signal grouping dolphins along the eastern US shoreline separately from those in the Gulf of Mexico and the Caribbean. Within these regions, dolphins are further subdivided into distinct along and inshore populations. Lastly, as shown in this study and previously for Australian embayments, dolphins within inshore habitat can be subdivided still further. Despite this general pattern, long-range dispersal does appear possible, as we detected 2 haplotypes, one sampled in the Bahamas and the other in Cuba, that were more closely related to eastern US coast individuals than to the Bahamas or Cuban, respectively. However, our data suggest that this type of migration is rare.
The phylogenetic analysis showed the offshore/worldwide form haplotypes to be ancestral to the alongshore/ inshore (coastal) haplotypes, and a younger age for the coastal populations was supported by the measures of mitochondrial molecular diversity, which showed these populations to have lower diversity than the Northwest Atlantic offshore population. Furthermore, the levels of diversity showed a general decrease when moving from offshore to alongshore and then inshore. Rosel et al. (2009) found a similar pattern of lower diversity for 2 estuarine (inshore) populations (Charleston Harbor, South Carolina and Jacksonville, Florida) along the eastern US coastline when compared with alongshore populations. A possible explanation for these observations is that the inshore populations were recently founded, possibly from an alongshore population. Detecting a similar pattern of diversity for bottlenose dolphins along the west coast of Florida, Sellas et al. (2005) also argued that this pattern was the signature of a founder event. Similarly, Natoli et al. (2004) and Hoelzel, Potter, et al. (1998) suggested that the less diverse alongshore populations of the Western Atlantic were founded by the more diverse offshore population. An additional consideration is that low molecular diversity can also reflect low population size, which could be due to limiting factors based on the physical size of the inshore habitat.
Conclusion
Our study reports fine-scale genetic structure over very short geographic distances within heterogeneous inshore habitat for a highly mobile marine mammal, with habitat and its utilization likely important mechanisms shaping population structure. Community structure and close association among related individuals may also be important factors shaping structure within inshore habitat. Importantly, we show for the first time that the Indian River Lagoon Estuarine System Stock (IRLES) is comprised of 2 distinct genetic populations that are partially sympatric and strongly differentiated from other eastern US coastal populations and stocks. Furthermore, the high level of population differentiation between the inshore habitats highlights the possibility of multiple discrete management units existing within this type of habitat along the entire length of the eastern US shoreline. Of concern is the possible amalgamation of 2 discrete units of genetic diversity (populations) within the IRL as a consequence of habitat restructuring. Consideration of these inshore population characteristics and the potential detrimental effects of anthropogenic disturbance should contribute to the long-term success of bottlenose dolphin management strategies.
